Little is known about how the presence of nurse practitioners (NPs) and physician assistants (PAs) in a practice impacts family physicians' (FPs') scope of practice. This study sought to examine variations in FPs' practice associated with NPs and PAs.
T eam-based care has increasingly become a practical strategy that family physicians (FPs) use to respond to the surging volume of patient visits nationwide and the growing shortage of primary care physicians. 1, 2 Over half of FPs report working with nurse practitioners (NPs) and nearly 40% with physician assistants (PAs). [3] [4] [5] [6] Evidence suggests that the quality of care and health outcomes of patients seen by NPs or PAs are comparable to those seen by physicians, [7] [8] [9] [10] [11] although patients cared for by NPs and PAs are more likely to be younger, female, and living in rural areas. 12 Teambased care models may enable physicians to see greater numbers of patients or provide a broader scope of services. 13 While crucial to the transformation of the US primary care delivery system, little is known about the impact of team-based care with NPs and PAs on FPs' patient panel size and scope of practice.
Patient panel size, commonly estimated by the number of patients seen in the prior 18-24 months, 14, 15 is a vital piece of practice information that provides the basis for panel management and enables FPs to assess continuity of care. Nonetheless, only a third of FPs can estimate their patient panel size. 16 Although patient panel size varied with the time spent in direct patient care, only one-third of FPs' estimates were reasonable, indicating physicians may be overpaneled and/or underresourced. [16] [17] [18] While a broader scope of practice of primary care physicians is associated with lower health care costs, 19 the scope of practice of FPs has been declining over the last decade. [20] [21] [22] Working with an NP or PA who can partially supplement or substitute the responsibilities of a physician 23, 24 may enable the physician to provide more services or to simply take care of more patients. For example, an NP may take a supplementary role where, rather than managing their own panel of patients, they may provide specific services such as acute care. The FP
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would then be free to conduct a procedure clinic or round in the nursing home. If both the NP and FP were working as usual providers, neither may be able to provide a procedure clinic or see patients outside the office. Team-based care may also have implications for potential strategies to accommodate projected increases in the patient population resulting from expanded insurance coverage due to the Affordable Care Act. Having other clinicians in the practice may allow physicians to more efficiently triage available medical resources to patients. 13 Despite the national movement toward team-based primary care models, 25, 26 no available literature was found on the effect of working with NPs or PAs on a physician's practice pattern. The objective of our study was to determine whether the patient panel size and scope of practice of FPs varied with presence of an NP, a PA or both at their primary practice site.
Methods

Data Source
We pooled 4 years of data from practice demographic questionnaires completed by FPs who registered for the American Board of Family Medicine (ABFM) Family Medicine Certification Examination during 2013-2016. This questionnaire is a required component of the examination registration process for physicians seeking to continue their certification. This requirement provided us with not only a 100% response rate to the questionnaire but more importantly a sample representative of approximately 40% ABFM certified FPs. Personal demographic information collected from ABFM administrative data included date of birth, gender, and medical degree. Practice characteristics from the questionnaire included size, specialty mix, ownership, location, care delivery model, and practice team configuration. Additionally, an array of 22 questions covering the spectrum of primary care activities was asked to discern scope of practice (see Appendix Table 2 at https:// journals.stfm.org/media/2222/appendixtables-dai-fm.pdf for the 22 activities). FPs who provided direct patient care were asked to estimate their own patient panel size.
Outcomes
We calculated the Scope of Practice for Primary Care (SP4PC) score, using the Individual Scope of Practice (I-SOP) Scale (range 0-30) for each FP based on the number of primary care activities they reported providing. 27 Higher scores represent a broader scope of practice. Patient panel size was obtained from physicians who were able to estimate their panel size. As a result, physicians with missing panel size estimates (ie, those who were not able to provide an estimate) were excluded from panel size analyses. Both outcomes were included in the analyses as continuous variables.
Explanatory Variables
FPs were asked to select all that apply to the question "The following types of providers work in my primary practice site." Practice team configuration was measured by mutually exclusive indicators specifying whether the FP had NP only, PA only, both PA and NP, or no PA or NP in the practice.
Covariates
To account for potential confounders, we controlled for the following physician and practice characteristics in the regression analysis. Physician age was calculated as of the midyear of the examination year. Gender, race (white vs nonwhite), and medical degree (MD vs DO) were coded as dummy variables. Practice size was categorized as solo, small (2-5 providers), medium (6-20 providers), or large (>20 providers). Specialty mix included multispecialty and singlespecialty. We classified four forms of ownership: group, public (federally qualified health center or lookalike, rural health clinic), integrated (health maintenance organization, Veterans Administration), and other (ambulatory surgical center, mental health center). Using practice zip code, rural and urban practice location was determined following the Rural-Urban Commuting Area Codes (RUCA, Version 2.0) designation. 28 Practices certified as PatientCentered Medical Home (PCMH) were identified by physician self-report.
Analysis
We only included FPs who provided direct patient care. As we were interested in patient panel size, we excluded FPs who identified urgent/ emergent care or hospital-affiliated practices as their primary practice (hospital outpatient department and academic health center/faculty practice) where continuity patient panels would be uncommon. If a physician registered for more than one exam during the study period, responses from the latest questionnaire were used.
In descriptive analyses, we characterized the sample and calculated the percentages of FPs with a panel size estimate by physician and practice characteristics. Since not all physicians were able to estimate their panel size, we tested the differences between FPs who were and who were not able to estimate their panel size. We also calculated mean panel sizes and SP4PC scores across physician and practice characteristics. The association of having an NP, PA, or both with panel size and SP4PC score was investigated in separate ordinary least squares regression models accounting for all the covariates, with P<0.05 being the benchmark of statistical significance. Only physicians with nonmissing panel size estimates were included in the regression model on panel size. As a sensitivity test, we reestimated the model by excluding physicians with extreme estimates (greater than two standard deviations above the mean). All analyses were conducted in SAS 9.4 (SAS Institute Inc, Cary, NC). The American Academy of Family Physicians Institutional Review Board approved this study. Table 2 . Table 3 contains the results of the ordinary least squares regression models. Accounting for physician and practice characteristics, the presence of a PA and/or NP was associated with significant increases in panel size and scope of practice. Compared to practices with no PA or NP, having PA only was associated with an increased panel size of 410 and scope score of 0.53 (both P<0.05). Having NP only or both PA and NP was associated with a significant yet smaller increase in panel size as well as scope score than having a PA only (259 and 245 for panel size; 0.10 and 0.51 for scope score respectively; all P<0.05). In the sensitivity analysis (Appendix Table 3 ), the presence of a PA and/or NP remained a significant factor associated with increases in panel size despite the reduced magnitude of its associations with panel size (245 vs 103 for PA and NP; 410 vs 255 for PA only; 259 vs 128 for NP only). Besides the presence of a PA or NP, being male, white, or practicing in a rural location was also consistently associated with increases in both panel size and scope of practice.
Discussion
We are the first to report on the practice changes of FPs who work with NPs and PAs using a large, current, and representative sample of FPs. This study offered confirmative evidence that variations in practice team configuration were associated with FPs' patient panel size and scope of practice, suggesting that optimized teams may enable primary care physicians to practice at higher capacity than poorly configured ones. In the context of team-based care, it is critical to make sure that the involvement of NPs and PAs frees practice capacity for otherwise overburdened physicians. 29, 30 However, the growing evidence base surrounding team-based care has paid little attention to the configuration of primary care teams and its impact on physician team leaders. Consistent with previous studies, [3] [4] [5] [6] we found substantial involvement of NPs and PAs in FPs' practice during 2013-2016, suggesting that primary care practices continued to evolve toward team-based models.
This study has two main findings. First, having NPs or PAs in the practice was associated with larger patient panel sizes and a broader scope of practice of FPs than having neither. Increases in patient panel sizes and broadening of scope of practice means that FPs are able to take care of more patients and provide more services, which would be impractical without NPs or PAs sharing responsibilities for patients. 18, 29, 30 This finding not only reassures that FPs, as leaders of primary care teams, are benefiting from working with NPs and PAs, but also that team-based care is an effective strategy to respond to the increase in patient volume as well as the undersupply of primary care physicians. Additionally, studies have shown that increased use of PAs and NPs in primary care practices were associated with lower labor cost per visit. 31 This finding is important as our study validated continued trends in FPs increasingly working in team-based care models with NPs and PAs. [3] [4] [5] Second, PAs seemed to have a stronger enabling effect on FPs' practice than NPs, and even than PAs and NPs combined. While both share clinical responsibilities with FPs, a stronger association may indicate in general that PAs perform more substitutive than supplemental responsibilities, 23, 24 which would allow FPs to have larger patient panels and provide more services than would working with NPs. It was unexpected that having both PA and NP in the practice did not garner Abbreviations: PCMH, patient-centered medical home; PA, physician assistant; NP, nurse practitioner. 32 More specific explanations for these differences will require in-depth examination of clinical roles and boundaries of NPs and PAs in variously configured physician-led primary care teams. Aside from the involvement of NPs and PAs in the practice, FPs' characteristics, practice size, ownership, rurality and PCMH status were all found to influence FPs' practice to various degrees and in different directions.
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Our work advances the literature on scope of practice using a psychometrically-derived global measure instead of using individual practice measures [33] [34] [35] [36] or an ad hoc scale by simply summing the number of services performed. 19, 37 This psychometric scale captures the breadth of 22 clinical activities and calculates a comparable score of individual physicians' scope of practice. 27 While the largest adjusted increase in scope score associated with working with only PA (0.53) was smaller than the two-point difference in scope score previously reported between graduating residents and practicing physicians on the same scale, 38 the findings are likely still meaningful. When measured by the total number of clinical services provided, increases in the scope of practice of FPs were associated with lower Medicare costs and lower odds of hospitalization. 19 Although direct comparisons between the claim-based measure and our scale are difficult, these previous findings suggest that increases in scope of practice measured by our scale may be associated with lower costs of care. However, a lack of data on whether NPs or PAs worked within the FP's panel or had their own patient panel is a major limitation of the study, and precluded us from further causal investigations. In the exam registration questionnaire, FPs were asked to indicate whether NPs or PAs work in their primary practice site. While the responses to the question helped us differentiate team configurations, we were unable to determine the nature of the working relationships between NPs or PAs with FPs. Specifically, how clinical responsibilities and boundaries were established in the practice for NPs or PAs relative to FPs was unknown. This qualitative information would offer much-needed insight into the mechanism by which the primary care teams operate. Furthermore, knowledge of the functional roles of NPs and PAs in the practice would allow more granular examinations of the association.
Additionally, all study data were self-reported and collected during the ABFM Family Medicine Certification Examination registration process. As a result, responses to certain questions such as practice size and ownership might be subject to recall bias. Panel size analyses were limited to physicians with a patient panel size estimate, who differed from physicians who were not able to estimate their panel size in both practice and demographic characteristics-some were associated with larger panels while others smaller ones. Consequently, the lack of complete data on panel size might bias the magnitude of the associations. Future studies extracting data from EHRs may resolve this limitation by capturing every physician's actual patient panel size. Moreover, the ability to estimate a panel size is likely associated with advanced practice features such as patient registries. To lessen the potential confounding, this study adjusted for practices' PCMH status in the regression analysis.
Conclusion
This study provides the first empirical evidence demonstrating that team-based care involving NPs and PAs was associated with higher practice capacity of primary care physicians. Having NPs or PAs in the practice was associated with an increased patient panel size and a broader scope of practice for FPs, while PAs appeared to enable FPs to take care of more patients and provide more services to a greater degree than NPs. Future studies that evaluate how primary care team members delineate roles, share responsibilities, and set boundaries are needed to better understand the impact of various team configurations on FPs' practice.
